Computed tomography (CT) of the reticulum, rumen and omasum was carried out in 30 healthy goats and the images were compared to corresponding body sections obtained at postmortem. A multidetector CT was used to examine goats in sternal recumbency. A setting of 120 KV and 270 mA was used to produce 1.5-mm transverse slices from the fi fth thoracic vertebra to the sacrum. Soft tissue structures were assessed in a soft tissue with a window width (W) of 400 Hounsfi eld Units (HU), and a window level (L) of 40 HU. The layering of the ruminal contents was assessed in an ingesta window with a W of 1500 HU and an L of 30 HU. After subjective evaluation, the size of the rumen and omasum, the thickness of the walls of the reticulum, rumen and omasum and the height of the gas cap and fi bre and liquid phases of the rumen were measured. Fifteen goats were euthanised after CT examination, placed in sternal recumbency and frozen at -18 ºC for three to 10 days. Thirteen goats were then cut into 1.0-to 1.5-cm-thick transverse slices. One goat was cut in dorsal-plane slices and another in sagittal slices. The structures in the CT images were identifi ed by using the corresponding anatomical slices.
A number of recent studies have shown that goats suffer from diseases that may require in depth diagnostic work-up (Tschuor et al., 2007; Braun et al., 2008a Braun et al., , 2008b Braun et al., , 2009a Braun et al., , 2009b . The methods used to diagnose disorders of these organs include physical examination, haematologic and serum biochemistry analyses, faecal analysis, radiography and ultrasonography (Steininger, 2009; Braun und Steininger, 2010; Jacquat, 2010) . With the exception of one case (Braun et al., 2009a) , CT was not used until now to examine goats. The expectations and willingness of owners to pay for more expensive procedures have increased over the years because many goats are kept as pets, although they have traditionally been raised for milk, meat and hair production. However, accurate interpretation of CT images necessitates a thorough knowledge of the normal appearance of organs and tissues. Thus, the goal of the present study was to establish CT reference values for the reticulum, rumen and omasum based on the examination of 30 healthy goats.
Animals, Material and Methods

Animals
Thirty, clinically healthy, non-lactating, female, Saanen goats, which were 2.5 to 6.5 years old (mean, 4.1 years) and weighed 42 to 86 kg (mean, 61.3 kg), were used. The goats were not pregnant and had similar body conditions. They originated from two farms and had been sold for slaughter. After purchase, all of the goats were deemed healthy based on the results of various clinical and laboratory examinations (Becker-Birck, 2009 ).
CT examination and imaging processing
The animals were fasted for 24 hours and deprived of water for 2 hours prior to anaesthesia. Each goat was sedated by use of xylazin (0.1 mg/kg) (Xylazin, Streuli Pharma, Uznach, Switzerland), then, anaesthesia was induced with ketamine (3 mg/kg) (Ketanarkon 100, Streuli Pharma, Uznach, Switzerland), and maintained with 2 -2.5 % isofl urane (Isofl o, Abbott, Baar, Switzerland) delivered in oxygen through an endotracheal tube. The goats were examined in sternal recumbency using a multidetector CT machine (Somatom Sensation Open, Siemens, Erlangen, Germany). Total scan time for the entire abdomen was 7 to 9 s. A detailed description can be found in the dissertation published by Irmer (2010). Transverse slices, 5 mm in thickness, were taken from the fi fth thoracic vertebra to the sacrum using 120 kV and 270 mA. The images were reconstructed to a thickness of 1.5 mm using a soft-tissue algorithm. Multiplane reconstruction also allowed visualization of the 
Postmortem examination and anatomical slice preparation
The goats were either slaughtered (n = 15) or euthanised (n = 15) after the CT examination. The organs of the slaughtered animals were examined macroscopically. Anatomical slices in the transverse, sagittal and horizontal planes were obtained from the goats that were euthanised. The internal organs were examined on these sections. Those goats were placed in sternal recumbency, analogous to the position used for CT scanning, and stored at -18 ºC for 3 to 10 days. Transverse slices, 1.0 to 1.5 cm thick, were obtained by cutting the goats along the longitudinal body axis with a band saw. One goat was cut in the median plane and also in a sagittal plane at the level of the caudal vena cava. One other goat was cut in two horizontal (dorsal) planes, one at the level of the presternum and one at the level of the trachea. The transverse slices were photographed from caudal, the horizontal slices from dorsal and the sagittal slices from the left using a digital camera. The slices were compared with the CT images to identify the various structures shown in the images. The labelling of the anatomical structures and the comparison of CT images and anatomical slices were carried out using the program Adobe Photoshop (Adobe Systems, Munich, Germany).
Measurements of organs
After subjective evaluation, the various structures were measured using a window that provided the best visualisation. The thickness of the reticular wall was determined on the medial side of the reticulum. The maximum craniocaudal dimension (length) of the rumen was determined in the sagittal plane. This was achieved by measuring the distance between the cranial and caudal apexes of the rumen. The maximum height and width of the rumen were determined in the transverse plane. The thickness of the wall of the dorsal and ventral blind sacs of the rumen was measured at the level of the left kidney. The layering of the ruminal contents was evaluated in the transverse plane at the maximum height of the rumen using an ingesta window. That location and width of window allowed optimal resolution and differentiation of gas, fl uid and solid contents. The size of the omasum was determined in the plane that offered the best visualisation, and the thickness of its wall was measured on the greater curvature without inclusion of the omasal leaves. 
Statistical analysis
Frequencies, means and standard deviations of the measured variables were calculated using a software program (StatView 5.1, SAS Institute, Cary, USA).
Results
In all animals, the reticulum, rumen and omasum could be identifi ed on all anatomic sections and the corresponding CT images (Fig. 1) .
Reticulum
The reticulum and rumen could be seen between the fi fth thoracic vertebra and the sacrum; both organs were consistently seen between the eighth thoracic vertebra and the fi fth lumbar vertebra in all the goats. In the transverse plane, the reticulum appeared as a round structure and was almost completely fi lled with ingesta except for an area of gas in the dorsal aspect (Fig. 2) . The reticular structure of the mucosa was seen in the gas-fi lled dorsal region of the reticulum. The mean thickness of the reticulum wall was 0.2 cm (Tab. 1). The reticulum bordered the lungs via the diaphragm (not visible) craniodorsally, the left lobe of the liver on the right and the apex of the heart cranioventrally. In the sagittal plane the reticulum and heart, separated by the diaphragm, were seen immediately adjacent to each other over a distance of a few centimetres (Fig. 3) , and dorsal to this area of contact were the lungs. The reticulum was bordered caudally by the abomasum and caudodorsally by the omasum.
Rumen
Identifi cation of the individual compartments of the rumen was straightforward in all the goats because of the landmarks provided by the ruminal grooves and pillars. The longitudinal groove of the rumen separated the dorsal and ventral sacs (Fig. 4) Height of dorsal gas cap (cm) 2.9 ± 2.58 0.0 -8.9
Height of middle fi bre layer (cm) 15.9 ± 4.52 6.3 -26.3
Height of ventral fl uid layer (cm) 6.7 ± 2.98 0.0 -11.7
Height of dorsal gas cap (%) 11.1 ± 9.4 0.0 -33.6
Height of middle fi bre layer (%) 62.5 ± 17.4 25.5 -93.7
Height of ventral fl uid layer (%) 25.9 ± 11.4 0.0 -47.3
Omasum Size (cm) 11.6 ± 1.37 8.7 -14.4
Wall thickness (cm) 0.2 ± 0.03 0.2 -0.3 vided the anterior and the two posterior blind sacs from the remaining main part of the rumen (Fig. 5) . The craniocaudal extent of the rumen was best evaluated in the sagittal plane (Fig. 6) . In this plane, the transitions from the reticulum to the anterior blind sac and from there to the ventral ruminal sac were clearly visible. The mean length of the rumen from the cranial border of the reticulum to the end of the posterior blind sacs was 41.7 cm, the maximum width 20.9 cm and the height 25.5 cm (Tab. 1). The wall thickness of the dorsal blind sac of the rumen was 0.2 cm and that of the ventral blind sac 0.3 cm. The layering of the contents of the rumen was best seen using an ingesta window (Fig. 4) . The dorsal gas cap was on average 2.9 cm in height, the middle fi bre layer 15.9 cm and the ventral fl uid layer 6.7 cm. The middle fi bre layer was the largest and comprised on average 62.5 % of the dorsoventral dimension of the ruminal cavity, followed by the fl uid layer that comprised 25.9 % and the gas cap that comprised 11.1 %. Metal foreign bodies were seen in the reticulum or in the anterior blind sac of the rumen in nine of 30 goats (Fig. 7) .
Omasum
The omasum was seen between the 8th thoracic vertebra and the 1st lumbar vertebra, and was consistently seen at the level of the 10th and 11th thoracic vertebra in all the goats. Because of its unmistakable appearance, the omasum was easily differentiated from the rest of the forestomachs. In transverse section, it had a spherical soccer-ball appearance (Fig. 8) and an elongated rugby-ball appearance in sagittal section (Fig. 9) . The omasal leaves appeared as light grey septa, originating from the omasal wall and protruding into the lumen. The leaves varied in size and hypodense ingesta were seen between them. The omasum was located between the rumen and liver and rested in the impressio omasica of the latter (Fig. 8) . The size of the omasum was best assessed in the sagittal and dorsal planes and was 11.6 cm on average (Tab. 1); the thickness of its wall was 0.2 cm.
Postmortem examination
Postmortem examination of the reticulum, rumen and omasum of the examined goats revealed no abnormal fi ndings.
Discussion
The contours of the reticulum and rumen were clearly seen because of the contrast between the wall of these organs and the surrounding fat as well as the luminal contents, which consisted of gas, fl uid and ingesta. The walls appeared hyperdense (light to moderate grey) relative to the fat and intestinal contents. This contrast was particularly prominent in the reticulum because of the honey-comb-like structure of its mucosa. The wall of the omasum and its leaves could also be easily differentiated from the luminal contents that were markedly hypodense (black) using the soft tissue window. The soft-tissue was not suitable for viewing the layering of the ruminal contents; the best images were obtained with a setting of W1500 HU/ L30 HU. Because of the positioning of the goats on the CT table, the abdomen including the rumen might have been somewhat distorted and therefore the measurements obtained for the layers of ruminal contents may not have corresponded exactly to the physiological situation. However, the thickness of the layers was also calculated as a percentage of the total height of the rumen, and the results were in agreement with published values (Bostedt and Dedié, 1996) . The relative thickness of the layers can be affected by ruminal tympany, acidosis, atony or overload. The various sections of the goats allowed the accurate identifi cation of organ structures seen in the CT images. They provided the topographical relationship of the various organs to one another as well as structural differences. The sagittal sections were useful because they allowed longitudinal measurements. The radiodense foreign bodies in the reticulum were seen as distinct entities in the ingesta. Diseases caused by ingested foreign bodies are uncommon in goats because of their selective eating habits. However, goats are curious creatures and may occasionally ingest a foreign body (Bostedt and Dedié, 1996; Navarre and Pugh, 2002 In seguito alla valutazione soggettiva sono state definite varie strutture come la dilatazione del rumine e dell'omaso, lo spessore della parete del reticolo, del rumine e dell'omaso, infi ne la dilatazione della fase ingesta gassosa, liquida e solida del rumine. Alla fi ne dell'esame CT, 15 capre sono state soppresse e congelate per un periodo di 3 fi no a 10 giorni, a -18 °C in posizione sternale. Dopo di ciò, 13 sono state segate trasversalmente a strati spessi tra gli 1.0 e i 1.5 cm. Un'altra capra è state segata in posizione dorsale e sagittale. Le sezioni sono state confrontate alle immagini CT della posizione corrispondente alfi ne di individuare le strutture raffi gurate.
present study were not associated with clinical signs and were therefore assumed to be incidental fi ndings.
